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A H I G H  TEMPERATURE HEAT SENSITIVE ELEMENT 

P a t e n t  P u b l i c a t i o n  #54-104599 

1 .  Name of  t h e  i n v e n t i o n  

A h i g h  t e m p e r a t u r e  h e a t  s e n s i t i v e  e l e m e n t  

2 .  Scope  o f  t h e  p a t e n t  a p p l i c a t i o n  

S o l i d  s o l u t i o n  o f  t h e  ma in  i n g r e d i e n t  

MgO-Al203-Cr203-Fe203 w which c o n t a i n s  s p i n e l  c rys t a l  

s t r u c t u r e  i s  mixed w i t h  t h e  s e c o n d a r y  i n g r e d i e n t  Zr02  a t  t h e  

mol r a t i o  o f  100 : 0.1 - 5.0 and s i n t e r e d  i n  o r d e r  t o  p r e p a r e  

t h e  h i g h  t e m p e r a t u r e  h e a t  s ens i t i ve  element. 

3.  D e t a i l e d  e x p l a n a t i o n  of  t h e  i n v e n t i o n  

T h i s  i n v e n t i o n  c o n c e r n s  t h e  h i g h  t e m p e r a t u r e  h e a t  

s e n s i t i v e  element which i s  s t a b l e  a t  h i g h  t e m p e r a t u r e .  

Along w i t h  t h e  r a p i d  deve lopment  i n  e l e c t r o n i c s  and  

r e l a t e d  f i e l d s ,  deve lopmen t  and p r a c t i c a l  a p p l i c a t i o n  of  

mater ia ls  f o r  t h e r m i s t o r s  s u c h  a s  s p i n e l  c r y s t a l  system, 

h e r o b s k i t e  :'::': c r y s t a l  s y s t e m  and Zr02-YZ03 g r o u p  t h a t  c a n  be 

u s e d  a t  t h e  h i g h  t e m p e r a t u r e  of  1000 d e g r e e s  C o r  s o  h a s  been  

s e r i o u s l y  d i s c u s s e d .  

F o r  example ,  r e c e n t l y  b u i l t  a u t o m o b i l e s  a r e  e q u i p p e d  w i t h  

c a t a l y t i c  c o n v e r t e r s  which  h e l p  t h e  c o m p l e t e  combus t ion  of  

a u t o m o b i l e  e x h a u s t  g a s e s  - ( C O ,  n i t r o g e n  o x i d e ,  h y d r o c a r b o n )  a s  

a p a r t  o f  t h e  measu res  t o  c l e a n  u p  t h e  a u t o m o b i l e  e x h a u s t .  I t  



i s  necessary t o  d e t e c t  t h e  t e m p e r a t u r e  o f  t h e  i n t e r i o r  o f  t h e  

c a t a l y t i c  c o n v e r t e r  f o r  t he  p u r p o s e  o f  p r e v e n t i n g  t h e  

p o s s i b i l i t y  o f  abnormal  o v e r h e a t i n g  o f  t h e  c o n v e r t e r .  L a t e l y ,  

t h e r m a l  r e a c t o r s  are w i d e l y  used  t o  d o  t h e  j o b  d e s c r i b e d  

above .  

The s t ab le  r a n g e  of  t h e  s p i n e l  c r y s t a l  s y s t e m  t h e r m i s t o r  

ma te r i a l ,  MgO-Al203-Cr203-Fe205, which h a s  been  i n  use f o r  a 

l o n g  p e r i o d  of  time i s  s e v e r e l y  l i m i t e d  a s  f a r  a s  i t s  h i g h  

t e m p e r a t u r e  l o a d  i s  c o n c e r n e d .  S t a b i l i z e d  m a n u f a c t u r i n g  of  

t h e  same h a s  been v e r y  d i f f i c u l t .  

The o b j e c t i v e  of  t h i s  i n v e n t i o n  i s  t o  overcome t h e  a b o v e  

d e s c r i b e d  s h o r t c o m i n g  and t o  p r o v i d e  a h i g h  t e m p e r a t u r e  h e a t  

s e n s i t i v e  element w h i c h  shows s t a b l e  c h a r a c t e r i s t i c s  toward  

h i g h  t e m p e r a t u r e  l o a d .  

T h e  f o l l o w i n g  p r a c t i c a l  a p p l i c a t i o n s  of  t h i s  i n v e n t i o n  

a r e  e x p l a i n e d .  

F i r s t ,  t h e  main i n g r e d i e n t ,  Mg(A1,CryYeX),O4 [ x  + y + z = 

1 ,  x ;  3 - 4 ,  y ;  5 - 6 ,  z ;  1 - 2 3  i s  mixed w i t h  Z r 0 2  a t  t h e  mol 

r a t i o  o f  100 : 1. 'The m i x t u r e  i s  p r o v i d e d  a d d i t i o n a l  m i x i n g ,  

t e m p o r a r y  s i n t e r i n g  a n d  g r i n d i n g .  A f t e r  d r y i n g  t h e  m i x t u r e ,  

i t  i s  added  w i t h  p o l y v i n y l  a l c o h o l  and  made i n t o  g r a n u l e s .  

T h e n ,  p l a t i n u m  l i n e s  ( a s  i d e n t i f i e d  i n  t h e  n u m e r i c a l  k e y  2 i n  

F i g .  1) a r e  b u r i e d ,  and t h e  o b j e c t  i s  shaped  a s  shown i n  F i g .  

1 .  I n  k'ig. 1 ,  t h e  n u m e r i c a l  k e y  1 i n d i c a t e s  t h e  t h e r m i s t o r  

b e f o r e  s i n t e r i n g ,  and t h e  key 2 i n d i c a t e s  t h e  p l a t i n u m  l i n e s  

a s  men t ioned  e a r l i e r .  Once s h a p i n g  o f  t h e  t h e r m i s t o r  i s  
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c o m p l e t e d ,  i t  i s  s i n t e r e d  f o r  3 - 5 h o u r s  a t  above 1600 

degrees  C t e m p e r a t u r e .  F i g .  2 shows t h e  r e s i s t a n c e  f i g u r e s  o f  

t he  thermis tor  w i t h i n  900 d e g r e e s  C t e m p e r a t u r e  t h a t  i s  

i n d i c a t e d  w i t h i n  the  t r i a n g l e  ABC. As t h e  f i g u r e s  of  x ,  y a n d  

z s l i p  o f f  t h e  f o l l o w i n g  g u i d e l i n e  [ x ;  3 - 4 ,  y; 5 - 6 ,  z ;  1 - 
21, t h e  r e s i s t a n c e  f i g u r e  becomes t o o  high.  P r o d u c t s  w i t h  

e x c e s s i v e l y  h i g h  r e s i s t a n c e  f i g u r e  a r e  n o t  s u i t a b l e  f o r  

pract ical  a p p l i c a t i o n .  F i g .  3 shows a s  a n  example  t h e  

t e m p e r a t u r e  - r e s i s t a n c e  c h a r a c t e r i s t i c s  o f  t h e r m i s t o r s  

p r e p a r e d  from a number o f  t e s t  mater ia l s .  'l'he l i n e a r  

cha rac t e r i s t i c s  o f  t h e  c o n s t a n t  ts i s  a l i t t l e  o f f ,  however ,  i t  

p r e s e n t s  no  problem i n  p r a c t i c a l  u s e .  

N e x t ,  t h e  volume o f  Zn02 a d d i t i v e  was c h a n g e d ,  and  t h e  

c h a n g e  ( f l u c t u a t i o n )  r a t i o  i n  t h e  r e s i s t a n c e  f i g u r e  b y  t h e  

h i g h  t e m p e r a t u r e  l i f e  ;':;': a t  t h e  time was examined .  The  r e s u l t  

o f  t h e  e x a m i n a t i o n  i s  shown i n  F i g .  4 .  I n  case Z r 0 2  i s  n o t  

a d d e d ,  t h e  c h a n g e  ( f l u c t u a t i o n )  r a t i o  o f  t h e  r e s i s t a n c e  f i g u r e  

a t  t h e  h i g h  t e m p e r a t u r e  l o a d  i s  s i g n i f i c a n t l y  h i g h .  I n  

a d d i t i o n ,  t h e  h i g h e r  t h e  volume o f  t h e  a d d i t i v e  i s ,  t h e  h i g h e r  

t h e  c h a n g e  ( f l u c t u a t i o n )  r a t i o  o f  t h e  r e s i s t a n c e  f i g u r e  i s .  

When t h e  f i g u r e  i n  c o n t r a s t  t o  t h e  m a i n  i n g r e d i e n t  i s  g r e a t e r  

t h a n  100 : 5 i n  mol r a t i o ,  t he  c h a n g e  ( f l u c t u a t i o n )  r a t i o  

n e a r s  10 2 ,  a n a  t h e  e f f e c t  of t h e  a d d i t i v e  becomes l ess  

s i g n i f i c a n t  . 
A s  an  example  among many s a m p l e s  which  were s i n t e r e d  

a f t e r  a d d i n g  Z r 0 2  i n  t h e  r a t i o  o f  [ l o 0  : 0.1 - 5.01 i n  
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r e f e r e n c e  t o  t h e  main i n g r e d i e n t  i n  mol r a t i o ,  t h e  time l a p s e  

c h a n g e  up t o  1000 h o u r s  h a s  been examined  b y  i m p r e s s i n g  DC 2 

V ,  900 d e g r e e s  C a n d  DC 3V,  1000 d e g r e e s  C .  The r e s u l t  i s  

shown i n  F i g .  5 a n d  F i g .  6 .  

A s  c l e a r l y  shown by t h e  examples  d e s c r i b e d  a b o v e ,  t h r o u g h  

a d d i n g  Zr02  t o  t h e  s p i n e l  c r y s t a l  s y s t e m  MgO-Al203-Cr203-Fe205 

t h e r m i s t o r  material ,  t h e  h i g h  t e m p e r a t u r e  l o a d  l i f e  i s  

s i g n i f i c a n t l y  improved .  A c c o r d i n g l y ,  t h e  h i g h  t e m p e r a t u r e  

h e a t  s e n s i t i v e  element t h a t  can b e  p u t  t o  p r a c t i c a l  

a p p l i c a t i o n  can be manufac tu red .  

4 .  B r i e f  e x p l a n a t i o n  o f  f i g u r e s  

F i g .  1 i s  a f r o n t a l  p l a n e  v i e w  o f  t h e  h i g h  t e m p e r a t u r e  

h e a t  s e n s i t i v e  e l e m e n t  b y  t h i s  i n v e n t i o n  d u r i n g  i t s  

p r o d u c t i o n .  F i g .  2 shows t h e  r e l a t i o n s h i p  between t h e  

c o m p o s i t i o n  and t h e  r e s i s t a n c e  f i g u r e s  o f  t h e  same e l e m e n t .  

F i g .  3 shows t h e  t e m p e r a t u r e  - res i s tance  c h a r a c t e r i s t i c s  o f  

t h e  h i g h  t e m p e r a t u r e  h e a t  s e n s i t i v e  element. F i g .  4 shows t h e  

r e l a t i o n s h i p  between t h e  v o l u m e  of Z r 0 2  a d d i t i v e  and  t h e  

c h a n g e  ( f l u c t u a t i o n )  r a t i o  of t h e  r e s i s t a n c e  f i g u r e .  F i g .  5 

a n d  F i g .  b shows t h e  time lapse change  in t h e  Bign t e m p e r a t u r e  

l o a d  e n d u r a n c e  o f  t h e  same e len ien t  a t  900 d e g r e e s  C ,  OC 3 V  and 

1000 d e g r e e s  C ,  b C  Z'V.  
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Key l i s t :  1. r e s i s t ance  2 .  temperature 3 .  res i s tance  
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figure change (fluctuation) ratio 4 .  volume of Zr02 additive 

5. time 
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